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GEOLOGY AND MANGANESE DEPOSITS OF THE MAPLE AND HOVEY
MOUNTAINS AREA, AROOSTOOK COUNTY, MAINE

By Lours Pavripes

ABSTRACT

The manganese deposits of eastern Aroostook County, Maine,
lie in a discontinuous belt about 65 miles long. They are
grouped within three general areas: the northern manganese
district, which includes the deposits west of Caribou and
Presque Isle; the southern manganese district, which centers at
Houlton ; and—the area of this report—the Maple and Hovey
Mountains area, which is in the heavily wooded region west
of Bridgewater.

The Maple and Hovey Mountains area includes sedimentary
and igneous rocks that have been mildly metamorphosed to
somewhat different levels within the greenschist facies. These
rocks are complexly folded and faulted with steep to vertical
regional slaty cleavage transecting most of them. Bedding is
steep to vertical throughout the district.

Slate, graywacke, and impure limestone constitute the most
abundant rocks of sedimentary origin. A great variety of
igneous rocks is also present. These include greenstone (meta-
basalt, meta-andesite, and metadiorite), keratophyre, acidic
tuff, rhyolite, and volcanic breccia. Serpentinite and meta-
gabbroic rocks are present in one small part of the area. A
small mass of garnet porphyry also crops out locally.

The sedimentary and igneous rocks are probably all of post-
Early Ordovician age. The sedimentary rocks and some of the
voleanic rocks belong to two formations. The Meduxnekeag
formation of Middle Ordovician age is in fault contact with
the Hovey formation of Silurian (?) and Silurian age. The
Meduxnekeag contains slate, interbedded slate and limy layers,
and graywacke. The lithology of the Meduxnekeag differs from
the younger Hovey formation within the area mapped in that
its slate lacks intercalated volcanic rocks and manganese de-
posits, and it contains a distinet ribbon rock sequence.

The Hovey formation is divisible into two parts: a lower part
of slate and graywacke, which contains several lenses of devitri-
fied flow rock (Saddleback Mountain member), and an upper
part chiefly of slate, which also contains several lenticular units
of metavolcanic rock near its base (Dunn Brook member and
volcanic breccia unit). Stratigraphically above these volcanic
rocks, the slate of the upper part of the Hovey formation con-
tains the manganese- and iron-bearing deposits of the district.

The Spruce Top greenstone is a separate igneous unit that is
believed to have been emplaced as sills(?). Other igneous
rocks of the area are small masses of garnet porphyry, serpen-
tinite, metagabbro, and granite(?).

The bedded manganese- and iron-bearing rocks of Maple and
Hovey Mountains are of two primary lithologies: an oxide
facies, which mostly includes hematitic shale and slate and
banded hematite ironstone; and a carbonate facies, composed
chiefly of siliceous carbonate rocks. Magnetite of metamorphic
origin is locally a prominent constituent of both these primary
facies; therefore, these primary types may be further distin-
guished by magnetite-bearing and magnetite-free varieties.

Crystalline hematite is commonly the most abundant mineral
of the bedded rocks of the hematitic manganese deposits.
Braunite and rhodochrositic carbonate are the principal man-
ganese minerals. Spessartite and bementite are generally
present in lesser amounts; hausmannite was found at only one
place in minute quantities. Cryptocrystalline apatite is nor-
mally an abundant accessory; additional common accessories
include fine-grained quartz, muscovite, chlorite, and alkalie
feldspar. Barite, phlogopite, and chert are less common
accessories.

In the siliceous carbonate deposits, rhodochrositic carbonate
is the chief manganese mineral ; this carbonate and iron chlorite
are the chief mineral constituents of these deposits. Minerals
similar to stilpnomelane(?) are also present. Pyrite is rarely
absent and is a major constituent in some laminae of the
siliceous carbonate rocks. Quartz, alkalic feldspar, and white
mica are other accessories.

The chief manganese mineral and one of the abundant
constituents of the magnetite-bearing deposits is a manganoan
carbonate close to rhodochrosite in composition. Iron chlorite
is also abundant, and magnetite may be either a major or
minor constituent. Accessory constituents are cryptocrystalline
apatite, quartz, alkalic feldspar, biotite, muscovite, stilpnome-
lane(?), and bementite(?). In deposits originally of the sili-
ceous carbonate type, pyrite and pyrrhotite (rare) are addi-
tional accessories; unreplaced hematite is commonly found in
deposits that were originally of the hematitic type. Braunite
is absent in magnetite-bearing deposits formed by metamorph-
ism of hematitic rocks.

Thin relatively coarse-grained veinlets commonly cut the
fine-grained layered iron- and manganese-bearing rocks of the
different types of deposits. The mineralogy of the veinlets
typically reflects that of the host rocks. Rhodonite is generally
present in the veinlets that cut manganiferous banded hematite
ironstone of the Maple-Hovey deposit, but it is absent in veinlets
in the other rocks.
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The iron- and manganese-bearing rocks on Maple and Hovey
Mountains, as well as those elsewhere in the Aroostook manga-
nese belt, generally contain large amounts of phosphorus (more
than 1 percent in parts of some deposits). Many of the constit-
uents, such as Fe, Mn, CaO, 8i0,, and Al.Os, vary in direct pro-
portion to the phosphorus content of the deposits. There is
no unusual concentration of metalloids in the deposits and the
traces that are present are not systematically related, in
abundance, to the iron and manganese. Chiefly on the basis
of the indirect evidence furnished by the chemical constituents,
as well as on their distribution within mineral components
(that is, Ca is present mostly as apatite and not calcite), the
deposits are considered to have formed as lenses of impure
chemical sediment in a brackish environment in which the pH
was close to or slightly less than 7.8. Oxides of iron and more
especially oxides of manganese formed under oxidizing con-
ditions. The layered pyrite in the siliceous carbonate sedi-
ments accumulated under reducing conditions and most of the
siliceous carbonate rocks free of pyrite also formed in a re-
ducing environment. The deposits probably formed in num-
erous nearshore barred basins that had a highly restricted
circulation, that is, a unidirectional seaward flow of water.
In this way, a relatively low pH inherited, in part, from the
streams draining into the basins, could be maintained through-
out most of the depositional history of the basins. The Eh
was, in part, a function of the depth of the basins. The suc-
cession of different types of ironstone within any one deposit
reflects the structural history of the basin.

In addition to mineral reconstitution through diagenesis, the
manganese- and iron-bearing deposits of Maple and Hovey
Mountains were also altered by regional metamorphism at
about the time they were folded. Regional metamorphism prob-
ably took place under a thick cover of younger rocks. A level
of metamorphism higher than the regional one was attained
in parts of the deposits, especially where the rocks were closely
folded. At such places magnetite was formed in both the
carbonate and hematite-bearing rocks and braunite was de-
stroyed in hematitic rocks. Apparently the metamorphism was
isochemical, except for volatiles, and chiefly involved oxidation-
reduction reactions and hydration.

Through erosion, the upturned ends and limbs of the folded
and moderately metamorphosed deposits have been exposed at
the bedrock surface. Weathering has slightly increased the
tenor of both manganese and iron, mostly through oxidation of
carbonate. This minor enrichment is chiefly localized within 1
foot or so of the bedrock surface in the deposits on Maple and
Hovey Mountains.

The larger hematitic manganese deposits in the area are
generally divisible into several units. The Maple-Hovey deposit
(main manganiferous lens) contains three rather distinet litho-
logic units designated the upper, middle, and lower manganif-
erous units. These units have fairly persistent chemical fea-
tures and tenor of manganese and iron along strike and down-
dip. The upper manganiferous unit contains about 7 percent
manganese and 13 percent iron, the middle manganiferous unit
contains about 11 percent managanese and 24 percent iron, and
the lower manganiferous unit contains about 7 percent man-
ganese and 20 percent iron. The different types of rock that
are interlayered in these units, however, have a wide range in
metal content. For example, beds of green slate commonly
contain less than 1 percent manganese and only a few percent

iron; red slate contains somewhat more manganese and iron;
and rocks such as banded hematite ironstone are the most
metalliferous. One sample of hematitic ironstone contains 26
percent manganese and 19 percent iron and another contains
40 percent iron and 7 percent manganese. Without exception,
composite samples of several layers of a unit contain more iron
than manganese.

The oxide-facies deposits (including the more metamorphosed
type) on Maple and Hovey Mountains contain 322 million long
tons of manganese ‘“ore” that average about 7 percent man-
ganese and 17 percent iron; the carbonate-facies deposits (in-
cluding the more metamorphosed type) contain about 3 million
long tons of such “ore.”” The total reserves in the area, there-
fore, are in the order of 325 million long tons of “ore” and
average about 7 percent manganese and 17 percent iron. The
contained manganese reserves of the Aroostook province repre-
sent the theoretical equivalent (assuming 100 percent recovery),
in terms of standard-grade ore (48 percent Mn), of about 30
years reserves at the consumption level of metallurgical man-
ganese in the United States in 1953. About 20 percent of this
material is within 200 feet of the surface. The ultimate ex-
ploitation of the Aroostook deposits for their manganese content
(and possibly for iron) must await, however, the development
of an efficient and relatively cheap extractive process.

INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATION

During the field seasons of 1949 through 1951, the
U.S. Bureau of Mines carried out a detailed physical
exploration program on some of the manganese- and
iron-bearing deposits of Aroostook County, Maine, with
particular emphasis on those on Maple and Hovey
Mountains. The writer was assigned to be project geol-
ogist for these investigations by the U.S. Geological
Survey at the request of the Bureau of Mines. The
exploration program included extensive trenching, dia-
mond drilling, and assaying, which afforded a good
opportunity to study the deposits in great detail. At
the completion of the program, the U.S. Geological
Survey continued geologic investigations within the
area. A little more than 4 months, in all, were spent
by the writer during the field seasons of 1952 and 1953
in reconnaissance geologic mapping of the area. The
reconnaissance served, in part, as a field test to judge
the practicality of areal geologic mapping in this
terrain.

The engineering data compiled from the physical ex-
ploration of the deposits on Maple and Hovey Moun-
tains have been published by Eilertsen (1952). The
present report contains a fuller discussion of the
geology of the deposits than that in Eilertsen’s report
(Pavlides, 1952, p. 6-9). In the present report only
relatively few of the assays published by Eilertsen have
been used, though many have been combined here to
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illustrate some of the geologically significant chemical
properties of the deposits. Likewise, comparatively
few cross sections of diamond-drill holes, necessary
to illustrate the geologic structure of the deposits, are
contained in this report. The reader should consult
Eilertsen’s report for the detailed assay data on
trenches and diamond-drill core.

Although this report principally describes the
geology and manganese deposits of the Maple and
Hovey Mountains area, the regional geology and the
manganese- and iron-bearing deposits of the other parts
of the Aroostook manganese belt are also briefly dis-
cussed, insofar as it is necessary to present the geologic
setting. The reports of White (1943) and Miller (1947)
contain detailed descriptions of the geology and de-
posits of the northern and southern manganese districts
and have been freely drawn upon for pertinent data
concerning those districts.

GEOGRAPHY OF THE AROOSTOOK MANGANESE BELT

The manganese deposits of eastern Aroostook County,
Maine, are located in three areas (fig. 1) designated as
districts by Miller (1947, p. 2). The northern manga-
nese district includes the belt of deposits west of Caribou
and Presque Isle, the Maple-Hovey Mountains area is
in the heavily wooded region west of Bridgewater, and
the southern manganese district centers at Houlton.
The deposits of the three areas form a discontinuous
belt about 65 miles long that extends from the vicinity
of New Sweden to about 3 miles south of Hodgdon.
Geographically, they are within the “Northwest Lake
and Forest Region” and the “Aroostook Potato Dis-
trict” (Trefethen and Trefethen, 1938, p. 4), an area of
mature topography characterized, in general, by gently
rolling to rough hills and by numerous lakes, chiefly
of glacial origin. Glacial drift is the chief surficial
deposit. Eskers are a prominent feature of the south-
ern manganese district, they are less conspicuous in the
Maple-Hovey Mountains area, and they are absent in
the northern manganese district (Leavitt and Perkins,
1935, Supplemental Map).

Bedrock is commonly exposed on the slopes and crests
of hills but exposures are generally small and discon-
tinuous. In the areas under cultivation outcrops may
be exposed by plowing during one season and covered
by soil the next. The mantle of glacial drift is rela-
tively thin on the hills, commonly less than 10 feet thick,
and 1s somewhat thicker i the valleys.

Cultivation is confined to a long, narrow belt in east-
ern Aroostook County where potatoes are the chief crop.

Virtually an unbroken forest lies west of the agricul-
tural belt. The northern and southern manganese dis-
tricts lie within the cultivated region and are for the
most part readily accessible. The Maple-Hovey
Mountains area is more remotely situated in the forested
region west of Bridgewater. The deposits of this area
are on and between Maple and Hovey Mountains in the
Howe Brook quadrangle. Maple Mountain lies in the
extreme west-central part of T.D., R. 2, and Hovey
Mountain is in the southeastern part of T. 9, R. 3.

The Maple and Hovey Mountains area is accessible
by automobile over graveled roads starting with the
Boutford Road, which branches westward from U.S.
Highway 1 at Bridgewater, Maine. The P.D. road, a
graveled tote road maintained by the Penobscot De-
velopment Company, continues from the end of the
Boutford Road through the wooded area and low-lying
hills to the west. The U.S. Bureau of Mines built a
graveled access road to the deposits. This road branches
southward from the Penobscot Development road, ex-
tends to the outlet of Number Nine Lake, and continues
thence to Maple Mountain (fig. 2). From Maple
Mountain, another road extends southwestward to
Hovey Mountain.

HISTORY OF DISCOVERY AND EXPLORATION

Jackson (1838, p. 34-38) discovered the first deposit
of manganiferous hematite in Aroostook County over
a century ago. His description is vague and the exact
identity of this deposit is not certain, although Miller
(1947, p. 50-51) believed that Jackson had examined
the Haines prospect. The manganese deposits of
Aroostook County received very little attention as
potential manganese ore until shortly before the second
World War. In the late 1930’s, the deposits near Houl-
ton were visited by G. F. Loughlin, of the U.S. Geologi-
cal Survey; he recognized the potential magnitude of
the resources in Aroostook County, and in early 1941
assigned W. S. White and P. E. Cloud to make a
preliminary study of the deposits. They made a recon-
naissance map of the northern and southern manganese
districts, and, at the same time, P. F. Eckstorm trenched
and sampled many of the deposits in both districts for
the State of Maine. From 1942 through 1944, the
Manganese Ore Company, a subsidiary of the M. A.
Hanna Company of Cleveland, sampled and explored
many of the Aroostook deposits by trenching, and two
deposits by both trenching and diamond drilling.
Shafts and test pits were also used in the exploration
of the Dudley deposit in the northern manganese dis-
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trict. R. L. Miller reexamined many of the deposits
and carried on further reconnaissance regional mapping
in the Aroostook manganese belt during 1943 and 1944.
Most of the deposits in the northern manganese district
explored during the above investigations had ‘been
originally discovered by Olaf Nylander, and those in
the southern manganese district had been found by
Harry Thwaites. The manganese deposits on Maple
and Hovey Mountains were discovered by woodsmen
who submitted specimens to the State Geologist of
Maine for identification, and also called the attention of
the land owners to the existence of these deposits
(Eilertsen, 1952, p. 6).

Paul Eckstorm first prospected the manganiferous
rocks exposed on Maple Mountain in 1941 (Miller,
1947, p. 63). He dug and sampled three trenches. In
1943, Mr. Clarence Harrar, of the Manganese Ore Com-
pany, visited this deposit and presumably collected
grab samples from Hovey Mountain (Miller, 1947, p.
62). The Manganese Ore Company further explored

the manganese- and iron-bearing rocks on the crest of
Maple Mountain in 1944 by trenching and sampling
(Miller, 1947, pl. 18). From 1949 through 1951, the
U.S. Bureau of Mines carried out the extensive physi-
cal exploration program mentioned above (Eilertsen,
1952).

An airborne magnetometer survey of most of the
Aroostook manganese belt, including the Maple and
Hovey Mountains area, was made by the U.S. Geologi-
cal Survey and in cooperation with the U.S. Bureau of
Mines during 1950 and 1951. The survey was under
the direction of W.J. Dempsey. The magnetic anoma-
lies located by the aeromagnetic survey were checked
by ground surveys during 1950 and 1951.

In 1953, the E. S. Nossen Laboratories, Inc., of Pater-
son, N.J., and the Southwest Engineering Company
of Los Angeles, Calif., obtained samples from the
Maple-Hovey deposit for metallurgical testing. Other
deposits in the Aroostook manganese belt, including the
Dudley of the northern district, were also sampled by
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the above organizations. These investigations were
supported by the Federal Government through
grants made by the Defense Minerals Production
Administration.

Despite the rather extensive exploration done on the
Aroostook deposits in recent years, there has been no
commercial mining of any of them. However, de-
posits of similar character near Woodstock, New Bruns-
wick, about 15 miles east of Houlton, were mined as
iron ores between 1848 and 1884 (Caley, 1936, p. 20).

FIELDWORK AND METHODS USED

Geologic guidance for the physical exploration of
the manganese deposits on Maple and Hovey Moun-
tains consisted of locating the manganese- and iron-
bearing strata of the deposits, interpreting their strue-
ture, and projecting their extension along strike and
downdip. This enabled systematic and orderly ex-
ploration by trenching and diamond drilling to be
planned and carried out. Sampling boundaries were
placed at the lithologic boundaries established by map-
ping trenches and logging diamond-drill core. The
engineering aspects of the trenching, drilling, and
preparation of samples have been described by Eilert-
sen (1952) and will not be discussed in this report.

The manganese- and iron-bearing strata were traced
by using whatever bedrock information was available
from the scattered outcrops protruding through the
glacial till in this thickly forested region. Cleavage-
bedding relations were helpful in the location and iden-
tification of folds. Float was generally distinguished
from glacial material by the more marked angularity of
the ironstone fragments and was also useful in locating
beds of “ore” beneath the glacial mantle.

A vertical magnetometer survey by R. M. Shuler, of
the U.S. Geological Survey, was started about the mid-
dle of the first field season and thereafter was continued
through the course of the exploration program. It
proved to be valuable in tracing the continuity of the
manganiferous strata in areas where outerops and float
were absent. A standard temperature-compensated
vertical mangetometer was used. The sensitivity of the
instrument was 20.0 gammas per scale division and
readings were made to the nearest tenth of a scale divi-
sion. Readings at base stations were taken four times
daily to permit correcting for effects of diurnal change
in the magnetic fields and instrument drift: one reading
in the early morning, two readings 1 hour apart at mid-
day, and one reading in the late afternoon. The loca-
tions of the traverses and base lines are shown on the

index map of plate 2. The traverses cover an area of
approximately 760 acres on Maple and Hovey Moun-
tains. The 4 base lines were surveyed by transit. All
traverses were spaced at approximately 200-foot inter-
vals perpendicular to the base lines and magnetometer
readings were made at 20- and 50-foot intervals along
these lines.

Most of the information about the bedrock acquired
during regional geologic mapping in the Maple and
Hovey Mountains area was obtained by walking out
streams. Steep slopes and crests of ridges contain
fewer outerops, and in the lowlands outcrops are sparse
or lacking. In general, after the drainage and ridge
lines of an area had been walked out, the area was also
crossed by several pace-and-compass traverses. The
relatively uniform regional northeast strike and steep
or vertical dip of cleavage in the area is most helpful in
distinguishing bedrock from glacial erratics.
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GENERAL REGIONAL GEOLOGY

Relatively little is known about the bedrock geology
of Aroostook County, Maine. Geologic mapping thus
far has been of a reconnaissance type and has been con-
fined to the cultivated areas in the eastern part of
the county; there is very little geologic information
about the less accessible forested western part. Wil-
liams and Gregory (1900) made the first regional geo-
logic study of eastern Aroostook County, but their ex-
tremely generalized map (1900, pl. 4), is of limited
value. The geologic map of the State of Maine (Keith,
1933) shows the geology of the county in greater detail,
but it also is necessarily very generalized and requires
revision in the light of more recent work.

NORTHERN MANGANESE DISTRICT

W. S. White and P. E. Cloud were the first to map
systematically parts of the area included within the
northern manganese district. Their stratigraphic sub-
divisions are different and in general more detailed than
those of Williams and Gregory. Table 1 lists the strat-
igraphic sequence in the northern district as described
by White and Cloud (White, 1943, p. 129). The man-
ganese deposits there are localized along three horizons
in the Middle Silurian rocks, “one being in the greenish
argillite immediately above the Aroostook limestone and
two in the lower slate and calcareous slate member of
the Aroostook limestone” (White, 1943, p. 130). The
siliceous carbonate type of manganese deposit, which
White refers to as chlorite-carbonate rock, is located
along the stratigraphically lowest horizon, whereas at
the stratigraphically higher horizons, manganese is as-
sociated with hematitic rocks (White, 1943, p. 131).

White (1943, p.-128) states that the stratigraphic
section (table 1) is “based on the simplest interpreta-
tion of the stratigraphy and structure in the light of

T aBLE 1.—Sequence and character of the rocks in the northern
manganese district

[After White, 1943, p. 129]

Apparent
Age Formation Lithology thickness
(feet)
Late Mapleton Upper 500 feet are red and greenish | 1,800-2, 500
Devonian sandstone sandstone, the remainder red con-
glomerate and sandstone.
Marked angular unconformity—
Chapman Greenish sandstone, Becraft or Ori- >700
Early sandstone skany funa.
Devonian
Volcanics Calcareous tuffs and breccias, New 2, 000
Scotland fauna.
Slight unconformity-
Shale and Upper member blue and gray calca- 5,000+
slate ! reous shale with limestone lenses;
lower member greenish argillite
with thin caleareous layers.
Middle Aroostook Upper member gray, nubbly argil- 18, 000+
Silurian limestone aceous limestone; middle member
ribbon limestone; lower member
slate, partly calcareous.
Sandstone 2 | Sandstone and conglomerate with a 5,000
little slate and calcareous argillite.
Marked angular unconformity—|— —
Middle Undifferentiated gray-blue calcareous siltstone, [ Unknown
Ordovician greenish argillite, black shale, and chert. Three
fossil zones recognized.

1 Ashland shale and Ashland limestone (Williams and Gregory, 1900, p. 21).
2 Sheridan sandstone (Williams and Gregory, 1900, D. 21).

what is known at the present time,” and indicates that
the Middle Silurian rocks (table 1) may be several
times thicker or thinner than the true thicknesses due
to thickening and thinning by folding and faulting. He
also points out the possibility of the “erroneous separa-
tion of different sedimentary facies of the same strati-
graphic units” (1943, p. 128) ; namely, the lowest mem-
ber of the Aroostook limestone may be equivalent to
the shale placed above the Aroostook. Twenhofel (1941,
p. 166-174) thought that the Sheridan formation over-
lies the Ashland formation but White and Cloud do not
agree (see table 1). Recently, graptolites of Middle
Ordovician age (Pavlides and others, 1961) have been
found in rocks mapped by White as belonging to the
middle member of the Aroostook limestone, which he
dated as being Middle Silurian (table 1). Thus, as
anticipated by White, it is apparent that considerable
revision of the stratigraphy, age assignments, and no-
menclature of formations in the region will result when
it is mapped in detail.

The intrusive rocks of the area are shown as post-
Upper Devonian by White (1943, pl. 24, Explanation) ;
but his map and sections on the same plate show the
Mapleton sandstone of Late Devonian age unconform-
ably overlying the intrusive rocks, and these intrusive
rocks should therefore have been called pre-Upper
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Devonian (or pre-Mapleton). Keith (1933) had prev-
iously assigned a Mississippian age to the Mapleton.

White considers the andesite, trachyte, and porphy-
ritic quartz trachyte of the district to be “small, narrow,
subparallel intrusive bodies” (1943, p. 128) and has
mapped the Quoggy Joe quartz trachyte of Williams
and Gregory (1900, p. 111) as part of the intrusive
rocks he shows as post-Upper Devonian, Williams and
Gregory (1900, p. 108, 112, 113; fig. 3, p. 109 and fig. 4,
p. 113) regarded the trachyte, quartz trachyte, and
andesite of the district as extrusive bodies that overlie
the upturned, truncated sedimentary rocks. They did
not observe any contacts between the extrusive rocks
and the sedimentary rocks, and the chief reason for
considering these rocks effusive is probably their amy-
gdaloidal character (1900, p. 108). The Chapman
sandstone of Early Devonian age is exposed in places
within a semielliptical, discontinuous ring of hills
which bound the southern end of the district in the
Presque Isle quadrangle (outside the area mapped by
White). These hills encircling the Chapman sandstone
are formed of igneous rocks. The eastern hills are un-
derlain by quartz trachyte (Williams and Gregory,
1900, p. 111), the western hills mostly by trachyte (1900,
p. 110), and the northern hills by andesite (1900, p.
112). It is conceivable that these igneous rocks may
underlie the Chapman sandstone in a broad syncline
similar to that formed by the Mapleton sandstone
(White, 1943, pl. 24). Keith’s map (1933) in part sug-
gests such an interpretation. Further work is necessary
to date these rocks as well as to determine whether they
are extrusive, intrusive, or both, in origin.

Teschenite (analcime-basalt) dikes and a small gran-
ite body, which crop out in the south-central and north-
eastern parts, respectively, of Mapleton township of
the northern manganese district, are the only igneous
rocks of proved intrusive origin; they have thermally
metamorphosed the sedimentary rocks they intrude
(Williams and Gregory, 1900, p. 106 and 1186, fig. 5, pl.
4). The teschenite dikes may be among the youngest
intrusive rocks in the county. They are petrologically
similar to the feldspathoidal rocks of the White Moun-
tain plutonic-volcanic series of New Hampshire, Ver-
mont, and southwestern Maine, as well as of the
Monteregian Hills in Quebec. The White Mountain
plutonic-volcanic series is of post-Devonian and pre-
Pennsylvanian age and hence tentatively dated as
Mississippian by Billings (1956, p. 105).

The rocks of the northern manganese district have
been folded and faulted, but deformation is not equally
intense throughout (White, 1943, pl. 24). The south-

ern part of the district is characterized by broad folds
plunging gently southward. Competent sandstone in
this region probably accounts for the development of
open rather than close folds (White, 1943, p. 129-130).
The unconformably overlying Mapleton sandstone
forms a broad structural basin with low dips. In the
northern part of the district, where incompetent argil-
lite and thin-bedded limestone were involved in the
deformation, the beds dip steeply and the folds are
tighter, in places being nearly isoclinal (White, 1943,
p. 130). Slaty cleavage has been developed in some
places. White (1943, pl. 24, p. 130) has postulated the
presence of at least two large reverse faults dipping
steeply to the west, and has inferred minor faults of
the same type at various other places. Inasmuch as
most of these faults were postulated for stratigraphic
reasons, their number and location may vary with the
interpretation of the stratigraphy (Miller, 1947, p. 15).
Miller believes the faults in the district are high-angle
strike faults.

SOUTHERN MANGANESE DISTRICT

The manganese deposits of the southern manganese
district have been mapped by White (1943) and Miller
(1947). A reconnaissance geologic map of the district
was made by Miller (1947, pl. 4), but owing to the
complexity of the geology, only a broad generalized
stratigraphic subdivision was attempted. The Ordovi-
cian and Silurian slates were mapped as an undifferen-
tiated unit because of the difficulty of separating these
rocks where fossils are lacking. Manganiferous rocks
occur in both Silurian and Ordovician slates. Miller’s
stratigraphic section (1947, p. 18) is given in table 2.
Since Miller’s study (1947, pl. 4), several new deposits
have been discovered and outlined in part by magnetic

TABLE 2.—S8tratigraphic section of the southern mangonese

district
[After Miller, 1947, p. 18]
Estimated
Description thickness Age
(feet)
Granitic stocks at Drew Hill and Nickerson Lake, and {...___.___._ Post-Silurian
acidic dike rocks.
Thin-bedded siliceous limestone. Underlies northern
and northwestern parts of district, except Littleton 2, 000+
Ridge.
Buff even-bedded calcareous sandstone and siliceous
limestone. Forms belt 34 to 1 mile wide across cen- 1,000 Silurian
tral part of district.
Gray slate, locally containing interbedded sandstone. 3, 000+
Lenses of manganiferous shale at several horizons.
Gray slate, containing Ordovician graptolites. May 1,000+ Ordovician
contain interbedded manganiferous shale.
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surveying and physical prospecting. These deposits
generally are as much as 5 miles west of the Littleton
Ridge deposit. The Littleton Ridge deposit is about
5 miles northwest of Houlton.

The stratigraphy of the southern manganese district
differs from the northern manganese district both in
the type of sedimentary rocks it contains and in that
it lacks igneous rocks such as rhyolite, trachyte, and
andesite. The granitic pluton cited by Miller (table
2) at Drew Hill is shown by Keith on the geologic map
of Maine as a large continuous intrusive body that
extends across the southern part of the Smyrna Mills
quadrangle and the northern part of the Mattawam-
keag Lake quadrangle. Geologic reconnaissance dur-
ing the checking of aeromagnetic anomalies by ground
surveys suggests that this is a compound pluton prob-
ably composed of at least two intrusive bodies, which
generally underlie the lowlands. Arcuate and semi-
arcuate ridges, composed in part of thermally meta-
morphosed rocks, encircle the plutons. Tremolitic and
cordieritic hornfelses are the principal rocks thus far
recognized in the contact metamorphic zones.

Deformation in the southern manganese district is
more complex and intense than in the northern district.
The strike of the sedimentary rocks in many places is
nearly west or northwest, whereas in the northern man-
ganese district the regional trend is northeast or north-
ward. The region probably contains a number of
faults (White, 1943, pl. 28), but they are difficult to
recognize over most of the area because of the general
lack of adequate outcrops. Cleavage is well developed
and is believed to be younger than the folding as it
was locally noted crossing the axial planes of major
and minor folds at a high angle (White, 1943, p. 137).

MAPLE AND HOVEY MOUNTAINS AREA

The stratigraphy and structure of the Maple and
Hovey Mountains area is incompletely known. The
sedimentary and igneous rocks within this area have
been tentatively divided into two formations, which are
believed to be separated by faults (pl. 1). This two-
fold subdivision is based on the simplest interpretation
of stratigraphy and structure, insofar as it can be de-
duced from the outcrops available within the small area
mapped to date.

The great diversity of rocks, the small size, sparse-
ness, and discontinuity of exposures, the lack of any
widely distributed marker beds, the general un-
fossiliferous character of the rocks, and the probability
of numerous faults make it difficult to establish the

stratigraphic sequence. Furthermore the green and
gray-green slates that comprise large parts of the two
formations are megascopically indistinguishable from
one another. The separation of the slates within the
Maple and Hovey Mountains area is, therefore, based
on indirect and rather inconclusive evidence, chief of
which is the distribution of the slate with respect both
to structural features, and to other, more distinct, litho-
logic types in the area. The degree of complexity of
the local structure is illustrated by the manganese- and
iron-bearing deposits on Maple and Hovey Mountains
(see pl. 2), where data from the extensive physical
exploration program enabled the individual strati-
graphic units to be followed in considerable detail, both
on the surface and underground.

Additional mapping around the area described in
this report may furnish further information that will
ultimately permit a more detailed stratigraphic sub-
division to be made than has been attempted here,
and may necessitate a considerable revision of the
stratigraphy and structure outlined below.

The thicknesses assigned to the rock units in the area
(see fig. 3), with the exception of the manganese de-
posits, are only order-of-magnitude estimates based on
measurement in cross sections. Undoubtedly, some of
the figures are excessive; for example, the upper green
slate sequence of the Meduxnekeag formation may be
repeated by close isoclinal folds and by faulting, but
exposures are not adequate to furnish reliable correction
factors.

STRATIGRAPHY

MEDUXNEKEAG FORMATION

The Meduxnekeag formation includes all the rocks
in the eastern part of the area (see pl. 1). The forma-
tion is named herein after the Meduxnekeag River,
along whose headwater tributary streams it crops out.
The various lithofacies of this formation are discon-
tinuously exposed within the Bridgewater quadrangle,
chiefly in the stream beds and along the banks of the
North Branch Meduxnekeag River and of Number Nine
Stream.

The Meduxnekeag formation contains slate, inter-
bedded slate and impure calcareous layers, and gray-
wacke sandstone and conglomeratic graywacke. The
differences in lithofacies between the Meduxnekeag and
Hovey formations are generally reflected in the topog-
raphy of the region. The relatively resistant igneous
rocks of the Hovey formation form ridges 500 to 900
feet above the level of the lowlands, which are under-
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lain in large part by the less resistant metasedimentary
rocks of the Meduxnekeag formation (see pl. 1).
Bedding and cleavage relations suggest that the
Meduxnekeag formation has a regional westward dip
and top directions in bedding face west. Bedding is
mainly vertical or dips steeply westward, with prob-
able minor and local overturning to the west in a few
places. The Meduxnekeag formation is, therefore, con-
sidered to consist of a sequence of beds increasing in
age eastward from the fault that separates it from the
Hovey formation. A generalized section of the
Meduxnekeag formation is given in figure 8.

]

Shu, upper part of the Hovey formation; consists of
gray-green and green slate partly mixed with gray-
wacke sandstone and conglomeratic graywacke
near the base, 7000* feet thick. Encloses
manganese- and iron-bearing beds, Shm, 10-150
feet thick; and metavolcanic rocks of the Dunn
Brook member, Shd, 0-5000 feet thick, which in-
cludes a volcanic breccia with some green slate
interbeds, Shdb, 0-700 feet thick

Lower Stlunian

|

Hovey formation
15,000+

Shi, lower part of the Hovey formation; consists of
gray-green and green slate mixed with graywacke
sandstone and conglomeratic graywacke; 8000 feet
thick. Encloses red and purple slate lenses, Shs,
0-500 feet thick; lentils of congiomeratic gray-
wacke, Shg, 0-1200 feet thick; and metaperlite of
the Saddleback Mountain member, Shsm, 0-4000
feet thick

Lower(?) Silurian (post-Lower Ordovician)

Oms, gray-green and green slate; 9000+ feet thick

Omr, ribbon rock; consists of a sequence of gray-
green and green slate intercalated with thin impure
calcareous beds, many of which have internal con-

tortion. Sequence is 2000+ feet thick

Middle Ordovician

Meduxnekeag formation
21,000 feet

Omg, dark-gray and green slate mixed with graywacke
sandstone and conglomeratic graywacke; 10,000
feet thick. Includes quartzose siltstone, Omss,
and a graywacke sandstone lens, 0mgs

A

FIcURE 3.—Generalized stratigraphic column of the Maple and Hovey
Mountains area.

Rocks of the slate and graywacke unit assigned to
the Meduxnekeag in the wedge-shaped fault block in
the northeastern part of the map (pl. 1) are poorly
exposed. They are placed in the Meduxnekeag chiefly

because irregularly interlayered slate and graywacke
beds typical of this unit are present north and south
of the easternmost exposures of Spruce Top green-
stone within the fault block. It may be that the rocks
in the southern part of this block may belong to the
Hovey formation but the exposures are not adequate
to make such a separation and all the rocks in the block
are therefore assigned to the Meduxnekeag in this
report.

SLATE AND GRAYWACKE MEMBER

The oldest rocks of the Meduxnekeag formation are
chiefly dark-gray slate and gray-green slate irregularly
interlayered with graywacke sandstone and conglom-
eratic graywacke. Because of poor exposures there
is no adequate section for determing the proportion and
frequency of interlayering of the slates with each other
and with the graywackes. In general, the graywacke
occurs as massive beds a few feet to at least 10 feet
thick, commonly separated by thicker layers of slate.
Enclosed within the sequence of mixed slate and gray-
wacke are mappable lenses of graywacke sandstone and
quartzose siltstone. (See fig. 3.)

Slate—The slate of this unit is of two types: a gray-
green slate such as in the Hovey formation, and a dark-
gray to nearly black slate that has not been found
elsewhere in the area. Both the gray-green and the
dark-gray slates are finely laminated in many places
and locally have small amounts of pyrite.

Graywacke—The graywacke layers commonly inter-
layed with slate are typically dark-gray sandstone or
conglomeratic layers whose detrital constituents are
characteristically embedded in an argillaceous or
micaceous matrix. Grains generally range from me-
dium sand to fine pebble size. Microscopic examination
of graywacke collected along Number Nine Stream
(pl. 1) reveal that it contains abundant fragments of
voleanic rocks (see fig. 4).

Graywacke sandstone lens—A lens of graywacke
sandstone within the wedge-shaped fault block in the
northeastern part of the map (pl. 1) is of different
lithology from the graywacke interlayered with slate in
the unit as a whole. It does not contain fragments of
rock, although it does have a micaceous and argillaceous
matrix within which detrital quartz and feldspar are
embedded. It thus has the typically poor sorting of
graywacke, It differs in composition to some extent
from other graywacke in the Maple and Hovey Moun-
tains area in that it more typically contains rutilated
quartz. Both strained and unstrained quartz are com-
mon. The feldspar is almost entirely albite, oligoclase,
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Tuff —Tuff in the Dunn Brook member is abundant
on Birch Mountain. Typically, it is a green or gray-
green fine-grained rock some of which is microporphy-
ritic, or vesicular, or both. Much of the tuff is tran-
sected by the regional slaty cleavage. The tuffaceous
character is for the most part apparent only under the
microscope.

Mixed lithic and crystal tuff is the most abundant va-
riety found in a random selection of specimens from
which thin sections were prepared. In general, the tutf
contains fragments of felty and trachytic volcanic rock
and phenocrysts of single crystals of feldspar or clus-
ters of feldspar crystals (glomeroporphyritic texture)
embedded in a groundmass of variable composition.
Rounded to subangular quartz phenocrysts are gener-
ally sparse.

The fragments of volcanic rock and the feldspathic
phenocrysts show different degrees of alteration, even
in tuffs located close to each other. Thus, rock frag-
ments may show only slight antigoritic alteration or
they may be completely altered to an antigoritelike
aggregate.?

Feldspar, either in glomeroporphyritic growths or in
single crystals, is partly to completely replaced by
several minerals. These minerals include chlorite, an-
tigorite, muscovite, clinozoisite, and carbonate. The
feldspar is chiefly plagioclase and ranges from albite
to andesine. Potassic feldspar was identified in one
specimen. Some of the intermediate feldspars are
crossed by thin veinlets of albite(?) (resembles the
host crystal but has a markedly lower index of refrac-
tion). This relation was noted in two thin sections and
is believed to be a local feature. Some of the feldspar
phenocrysts in the more highly sheared tuff evidently
were broken and pulled apart during deformation.
Such crystals are commonly connected by antigoritic
aggregates.

The groundmass of the tuff in the relatively un-
altered rocks contains a large proportion of indeter-
minate microcrystalline grains. The identifiable grains
are chiefly quartz and feldspar. In highly altered
rocks, the groundmass is an aggregate of antigoritelike
material. Deformed angular shardlike fragments are
present in a few specimens, but the degree of alteration
of these particular rocks makes their identification
uncertain.

2 An antigoritelike aggregate is a material with an irregular patchy
or bleblike habit that has a rough-looking surface. It may be color-
less to green and weakly pleochroic. Under polarized light it is gen-
erally a weakly birefringent fibrolamellar aggregate with colors seldom

above first-order gray but which may have various hues of anomalous
blue.

Minerals that are alteration products of feldspar are
also accessory groundmass constituents along with
sphene, epidote, ilmenite, magnetite, apatite, and horn-
blende (rare). In some specimens, ilmenite is partially
altered to sphene. Both ilmenite and sphene are invari-
ably coated by leucoxene.

A meta-andesitic fine-grained tuff forms the ground-
mass of a volcanic breccia in the Dunn Brook member
on Birch Mountain (for chemical analysis of this
groundmass see table 3, column 2). The breccia has a
fine-grained semitrachytic groundmass composed of
thin laths of albitic feldspar, antigoritic aggregates,
quartz, and microscopically unresolvable material.
Feldspar phenocrysts and fragments of acidic volcanic
rock are embedded in the groundmass. Sphene, partly
coated with leucoxene, is a coarse-grained accessory as
well as a fine-grained groundmass constituent. Fine-
grained apatite is a minor accessory. The feldspar
phenocrysts are highly altered ; they are flaked by white
mica, contain chloritic aggregates, and locally contain
epidote. A few albite-filled gash veinlets cut the
groundmass.

Rocks that may be mixtures of volcanic tuff and
sedimentary rocks generally appear tuffaceous, inso-
far as can be judged by the angular volcanic fragments
they contain, but also contain an ill-defined fine layer-
ing and rounded possibly detrital quartz grains. The
fineness of grain size and the alteration preclude their
being identified with confidence. Some of the rocks
classed as mixed sedimentary rocks and tuff in reality
may simply represent tuff, or possibly graywackelike
slate. One such rock of indeterminate features ap-
pears in thin section as a highly altered rock with
sericitized porphyritic and glomeroporphyritic feld-
spar set in a fine-grained groundmass. Fine-grained
rounded quartz grains are abundant. Accessory chlor-
ite, epidote, sphene, ilmenite coated with leucoxene, and
small flakes of stilpnomelane in chlorite are ground-
mass constituents. The chemical analysis for this rock
is listed in table 3 (column 8).

LENTICULAR MANGANESE DEPOSITS

The lenticular manganese deposits on Maple and
Hovey Mountains generally appear to be about 3,000
to 5,000 feet stratigraphically above the top of the
Dunn Brook member. Their stratigraphy and litho-
logic features are described in a later section.

AGE RELATIONS OF THE MEDUXNEKEAG AND HOVEY
FORMATIONS

Within the area described in this report only one
fossil locality, £ on plate 1, was found in the Medux-
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TABLE 4.—Identification and dating of fossils in the Meduxnekeag and Hovey formations, Aroostook County, Maine

Formation Locality (see pls. 1 and Rock type Fossils Age Authority
2 for location)

Meduxnekeag; E . Buff calcareous slate.| Pelmatozoan columnals____ . Post-Early A. J. Boucot,
upper slate Ordovician. written com-
member. munication,

1953.

Hovey:

Upperpart___| A . . _ Graywacke sand- Schuchertella sp.; Dalma- | Post-Early A. J. Boucot,

stone. nella?; rhipidomellid? sp.; Ordovician. written com-
homolanotid segment; munications,
meristellid; pelmatozoan 1953, 1960,
columnals. 1961.
Do________.. B ____ Conglomeratic gray- | Pelmatozoan columnals (prob- |_.____ do.__._____ A. J. Boucot,
wacke. ably crinoids); branching written com-
bryozoans (probably of a munication,
trepostomatous type); 1953.
brachiopod valve (poorly
preserved and fragmen-
tary).

Hovey:

Towerpart___| Co____________|.__._ do_________.__ Fossiliferous pebbles: ~ |.____ do.____.___ Do.

w Felsite tuff pebbles con-
taining bryozoans
(probably trepostomes).
Limestone pebbles, some
of which are almost
entirely composed of
pelmatozoan fragments
(probably crinoids).

Do .. .__..__ D__ |- do_____________ Fossiliferous pebbles as at |.____ do_________ Do.
locality C; not studied in
detail.

Do___________ F_o_ Silty slate__ ________ Pelmatozoan columnals| Silurian(?)______ R. B. Neuman,
(mostly erinoids and some written com-
fragmentary cystoids). munication,

1957.

Hovey:

Upper part___| Hovey Moun- Limestone breccia__ .| Pelmatozoan columnals______ Post-Early A. J. Boucot,

tain DDH 52, Ordovician. oral com-
munication,
1953.
Do ____. Maple Moun- Green slate_________ Graptolite. .. ______________ Silurian_ _______ E. 0. M. Bul-
tain DDH 31. man, written
communiea-
tion, 1955.

nekeag formation. This consists of pelmatozoan
columnals and cannot be dated more closely than post-
Early Ordovician (see table 4). Since the original
mapping in this area, additional fieldwork has been car-
ried out around the Maple and Hovey Mountains area
and elsewhere and will be reported on by separate pub-
lications. In the course of such mapping to the east,
in the Bridgewater quadrangle (Pavlides and others,
1961, p. 66),

* * * elongate aggregates of ovoid pellets * * * were found
[in ribbon rock of the Meduxnekeag formation] about 134 miles
southeast of Bridgewater * * * These aggregates are about
5 cm long, and 1 cm in cross section. The individual pellets
are closely packed and ranged parallel to the borders of the
aggregates. They are 2 to 3 mm long, and slightly more than
% mm in diameter. Dr. Walter Héntzschel of the Geologisches
Staatsinstitut, Hamburg, examined these pellets in 1958, and
he suggested that they were the work of mud-ingesting worms,

perhaps worms that had been given the generic name Toma-
culum by Groom (1902). Such pellets were originally found
in Ordovician rocks in England, and they have also been found
in the Ordovician rocks of France, Germany, and Czechoslovakia
(Pénau, 1941).

In 1960, W. H. Forbes, amateur paleontologist of
Washburn, Maine, discovered graptolites in ribbon rock
in a roadside exposure 2 miles east of Colby, Maine
(Pavlides and others, 1961, p. 65-66).

The fossils occur through several feet of calcareous silt-
stone. They are on the whole poorly preserved, most having
been stretched or compressed. Many, however, are preserved
in relief, and some that are preserved as molds yielded latex
peels that afford good material for study.

W. B. N. Berry examined the collection and identified the
following forms:

Amplexograptus sp.
Amplexograptus cf. A. perexcavatus (Lapworth)
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tains area. It has a persistent trend of about N. 50°—
55° E. and is generally parallel to the axial planes of
the regional folds. Cleavage with different northeast
trends is also present. Such cleavage partly formed
from local deflections induced in argillaceous rocks by
areas of more brittle rocks around which the more
plastic argillaceous rocks accommodated themselves at
the time the cleavage was formed. The cleavage with
the more easterly strike on the west side of Meduxne-
keag Mountain at D on plate 1 may have formed in
this way. In addition, some of the regionally aberrant
cleavage is probably bedding cleavage. The cleavage
in the lens of conglomeratic graywacke on Hedgehog
Mountain appears to be such bedding cleavage. In
some of the deposits on Maple and Hovey Mountains,
such as the Central Hovey deposit, which is described
in the next section of this report, cleavage does not
parallel the axial planes of the folds. It appears there-
fore that the regional northeast cleavage of the area,
which is so well developed in the argillaceous rocks,
probably formed somewhat later than the folding.
However, in most places it formed in a direction co-
incident with the axial planes of the major folds and
is therefore generally usable, on a gross scale, for de-
termining the plunges of folds and the position on the
limbs of a fold by bedding-cleavage relations.

The dominant lineation in the district results from
the intersection of bedding and cleavage planes. Minor
crenulations with northeast and southwest orientation
and plunge are present in the iron- and manganese-
bearing rocks of the Maple-Hovey deposit (to be de-
scribed in the next section), but have not been noted
elsewhere in the district.

The joints in the area have not been systematically
studied. Most of them have vertical to steep dips, and
are more conspicuously developed in the brittle rocks
of the district, such as the banded ironstone of the
deposits (described later) or in the Spruce Top green-
stone, than in the more plastic argillaceous rocks.

Numerous faults are believed to be present in the
area. Most of those indicated on plate 1, however,
have been mapped on the basis of indirect evidence.
The major faults that cut the manganese deposits on
Maple and Hovey Mountains are vertical or steeply
dipping strike-slip faults. Diamond drilling suggests
that a large strike-slip fault bounds the Maple-Hovey
deposit on its northwest side and is curved as shown on
the structure contour map (pl. 5). The other major
faults in the district are probably also steeply dipping
or vertical. Stratigraphic relations suggest that some

of them are normal faults, but a few, at least, may be
high-angle reverse faults similar to those mapped by
White in the northern manganese district (White, 1943,
p- 130). The northward-striking fault in the Bridge-
water quadrangle in the northeastern part of the area
(pL 1) is along a pronounced positive magnetic anom-
aly detected during the course of the aeromagnetic
survey of the Aroostook manganese belt.

METAMORPHISM
REGIONAL METAMORPHISM

The rocks within the Maple and Hovey Mountains
area of Aroostook County, Maine, have all been slightly
metamorphosed. The argillaceous rocks contain the
association muscovite and chlorite, typical of the mus-
covite-chlorite subfacies of the greenschist facies as
defined by Turner (1948, p. 96). Only a thermally
metamorphosed hornfels, with red biotite and garnet,
is of distinetly higher rank than the regionally meta-
morphosed rocks. The slaty cleavage of the low-grade’
metamorphosed argillaceous rocks results from the ar-
rangement of muscovite and chlorite in subparallel to
parallel planes.

The graywacke sandstone and conglomeratic gray-
wacke either lack cleavage or are only crudely cleaved.
The coarser grained flakes of chlorite in the graywacke
probably were formed during metamorphism rather
than diagenesis, but the time of formation of the fine-
grained groundmass chlorite is more obscure. The
scattered well-developed muscovite probably crystal-
lized during metamorphism from the finer grained
sericite of the matrix, and probably is more indicative
of the metamorphism of the graywacke than is the
chlorite. Nonetheless, the sandstone and onglomeratic
graywacke have only been slightly recrystallized as
compared to the slate with which they are intercalated.
Apparently, the argillaceous rocks have an inherently
greater susceptibility to metamorphism than do the
coarser grained graywackes. A similar response to
low-rank regional metamorphism by argillaceous
rocks and graywacke has been reported by Turner
(1936, p. 332) in the Te Anau Series of New Zealand.

Carbonate rocks, such as the calcareous ribbon rock
member of the Meduxnekeag formation, probably re-
crystallized during deformation and metamorphism.
Calcite, which fills the many gash veinlets in the limy
layers, may have been dissolved from them and subse-
quently deposited in the fractures.

The effects of the low-rank metamorphism of the
greenschist facies on the manganese- and iron-bearing
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deposits on Maple and Hovey Mountains are discussed
in another part of the report.

The igneous rocks of the Maple and Hovey Moun-
tains area have been reconstituted also by regional
metamorphism, although metasomatic processes were
responsible to some degree in determining the mineral
suite of some of them. One of the problems of these
rocks is distinguishing primary magmatic mineral
suites, modified by mild metamorphism, from those
formed almost entirely by metamorphism or metaso-
matism.

Albite or sodic oligoclase is a very common constitu-
ent in almost all the metavoleanic rocks of the Maple
and Hovey Mountains area. The albite or sodic oligo-
clase of some of the keratophyre could be of primary
pyrogenic origin, or it might be a product of soda meta-
somatism. The petrographic criteria cited by Gilluly
(1935 fig. 1, p. 229-230) to support soda metasomatism
were (a) “water-clear crystals of albite surrounding
and radiating from mottled central crystals of albite,”
(b) “albite with radiate habit surrounding central
crystals of either quartz or albite and so intergrown
with quartz as to approach the granophyric texture,”
(¢) albite veinlets with unmatched walls, (d) amyg-
dules lined with water:clear albite, and (e) albite crys-
tals with remnants of original more calcic plagioclase.
In the present area, such features are either absent or
of equivocal origin.

Some albite of the groundmass and phenocrysts of
the keratophyre is probably a result of saussuritization
of an originally more calcic plagioclase, as suggested by
the speckling of epidote in albite phenocrysts and the
epidote pesudomorphs after plagioclase in places.
Irregular veinlets of epidote give evidence that at least
some of this saussuritization of plagioclase during re-
gional metamorphism took place in an open system in
which such constituents as water and carbonate were
able to circulate.

The groundmass chlorite of the keratophyre may
have formed, in part, by deuteric alteration of inter-
stitial glass, but the chlorite of amygdules and veinlets
probably is secondary and may have formed during
metamorphism, either by reworking of the groundmass
chlorite or by the breakdown of pyroxene. (See fig.
14.) The actinolitic alteration of some of the pyroxene
as well as the development of actinolite in the ground-
mass of some of the keratophyre probably formed dur-
ing metamorphism. (See fig. 5.) The fine-grained
sphene, which is ubiquitous in the metavolcanic rocks of
the area, probably formed by the chemical combination

of CaO (liberated during alteration of plagioclase and
pyroxene) with titanium oxide exsolved from pyroxene
or contained in ilmenite. The silica necessary for
sphene came from these mineral transformations or
from quartz. The pesudomorphic alteration of ilme-
nite crystals to sphene (see figs. 12 and 14) clearly
demonstrates the secondary nature of the sphene.

Sausseuritization of calcic plagioclase was probably
of particular importance in forming the albite and the
other associated secondary minerals of the Spruce Top
greenstone. Much of the greenstone apparently was
originally of basaltic composition and contained fairly
caleic plagioclase. The amount of CaQ liberated by
the saussuritization of the calcic plagioclase, as well as
by the alteration of some augitic pyroxene (see fig. 14),
must have been much greater than the CaQO available
in the silicic rocks. If metamorphism progressed in
virtually an open system, the CaO so liberated, evi-
dently having appreciable mobility, could have exten-
sively replaced some of the rocks closely associated
with the greenstone. The epidotic tachylite described
above is enclosed by metabasaltic greenstone on Spruce
Top hill. Tt has about twice the amount of CaO that
the other greenstones in the area have (see column 2,
table 5, and compare with columns 1, 3-9). Therefore,
it probably was metasomatized by CaO mobilized dur-
ing metamorphism of the basaltic rocks. Also, the
prehnitic and epidotic metavolcanic breccia of the
Dunn Brook member of the Hovey formation adjacent
to the Spruce Top greenstone on Number Nine Moun-
tain (pl. 1) probably underwent replacement by CaO
which was mostly released through saussuritization in
the adjoining greenstone. The prehnitic veinlets and
amygdules in the ophitic greenstone on Collins Ridge
(p. 24, 28) likewise are believed to have formed from
saussuritically generated CaO.

Judging by observable alterations and similar tex-
tures, the secondary chlorite, sphene, and actinolite of
the greenstone formed as they did in the keratophyre.
Stilpnomelane appears to be somewhat more widely
developed in the greenstone, however, than in the felsitic
metavolcanic rocks. As might be expected, it is gen-
erally more abundant in both silicic rocks and green-
stones that have a high ratio of iron oxides to magnesia
(Turner, 1948, p. 97). (See table 3, columns 4, 5, and
6 and table 5, column 9.)

Although saussuritization of calcic plagioclase ap-
pears adequately to explain the origin of the albite in
most of the Spruce Top greenstone, a special problem
is presented by rocks with an ophitic texture, with fresh
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pyroxene enclosing albite laths that are generally some-
what mottled with chlorite (fig. 12). Saussuritization
of calcic plagioclase seems inadequate to explain the al-
bite ophitically enclosed by pyroxene because the ex-
pected association of epidote minerals are not found
within the ophitic parts of the fabric (fig. 12) but only
in the surrounding groundmass of the rock. If saus-
suritization actually produced the albite enclosed in the
pyroxene, it would have necessitated the outward mi-
gration, through or from the pyroxene lattice and into
the general groundmass of the rock, of at least calcium
ions. Also, the reciprocal passage of at least magnesium
ions through or from the pyroxene into the saussuritized
plagioclase would have been necessary to produce the
chlorite which mottles the ophitically enclosed albite.
An alternate hypothesis to saussuritization or soda
metasomatism in explaining the origin of the ophitic
albite greenstone of the Maple and Hovey Mountains
area is that they are rocks crystallized directly from a
spilitic magma. The existence of spilitic magmas, or
spilitic melts formed through assimilation of sodic con-
stituents by a normal basaltic magma, have been seri-
ously questioned on physicochemical grounds. How-
ever, the rather wide distribution of albitic diabases as
reported in the geologic literature strongly suggests
that a magmatic origin cannot be entirely ruled out for
such rocks. Turner (1948, p. 124) aptly summed up this
situation when he stated, “On the whole, however, the
hypothesis of simultaneous magmatic crystallization of
albite and augite as a high-temperature equilibrium as-
semblage appears to be at least equally probable.”
Although most of the rocks in the Maple and Hovey
Mountains area have been subjected to temperatures
and pressures representative of the lower part of the
greenschists facies, some proved more susceptible to
metamorphism than others, as described above in com-
paring graywacke with interbedded slate. Also, some
higher rank minerals have persisted as unstable relicts
(Turner, 1948, p. 18) within some of the rocks. The
augite in many of the greenstones, for example, is par-
tially or wholly altered to pseudomorphs of chlorite
(see fig. 14), but occurs as fresh crystals in many others
(see fig. 12). Likewise, possibly the sodic oligoclase in
some of the graywacke and aphanites, and probably the
andesine (?) in some tuffs are unstable relicts because
the normal plagioclase of the greenschists facies is com-
monly highly albitic, and may even approach pure al-
bite. The persistence of pyroxene and calcic plagio-
clase as unstable relicts reflects disequilibrium. Among
the factors responsible for failure to reach equilibrium

is the possibility that the pressure-temperature condi-
tions during metamorphism did not persist long enough
for complete chemical equilibrium to be attained,
especially since retrogressive chemical reactions pro-
ceed at an extremely slow velocity as compared with
progressive metamorphic reactions (Turner, 1948, p.
16). Also, the inherent physical properties of rocks,
such as their ability to transmit stress or heat, may
have been a factor contributing to the apparent chemi-
cal disequilibrium eventually attained.

CONTACT METAMORPHISM

Fine-grained spotted hornfels crops out near a small
mass of coarse-grained garnet porphyry. (See p. 30
and pl. 1.) The hornfels is not shown on plate 1 be-
cause it is too small a unit to show at the scale of this
map.

The spotted hornfels is a finely granular gray-green
rock. Some rocks have a distinct purplish cast but in
others this color is barely perceptible. Small round
spots, normally a dark dull-purplish color, are a com-
mon megascopic feature. Small grains of porphyrob-
lastic garnet and aggregates of garnet are chiefly re-
sponsible for the spotted appearance of the rock.

Thin sections show spotted hornfels consists of
rounded to angular quartz grains, small amounts of feld-
spar, and fine grains of muscovite and reddish-brown
biotite. Some of the quartz gains contain small flakes
of biotite as inclusions. Large poikilitic garnets con-
taining inclusions of biotite and quartz form conspicu-
ous porphyroblasts. The garnet porphyroblasts nor-
mally have dodecahedral outlines but some garnet
occurs in subhedral to anhedral habit in subspherical
knots or clusters. The garnet is commonly highly
fractured and its fractures are generally filled by mus-
covite. Other minerals are also present as fracture-
filling constituents, but these are too fine grained and
ill defined to be resolved in thin section.

Biotite and muscovite, in some of the spotted horn-
fels, have a decussate groundmass structure. In such
rocks small garnets are intimately associated with red-
dish-brown biotite and quartz in small knots and clus-
ters. A small amount of green biotite is present in one
such garnetiferous knot. Much of the reddish-brown
biotite has finely granular aggregates resembling leu-
coxene-coated sphene along cleavage. Randomly dis-
tributed rutilelike needles are common inclusions in
reddish-brown biotite. In some garnetiferous clusters,
biotite has altered to penninite (?) and to muscovite in
places.
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The spotted hornfels is probably a thermally meta-
morphosed clastic rock such as graywacke sandstone.

GENERAL GEOLOGY OF THE MANGANESE DEPOSITS

The bedded manganese deposits of Maple and Hovey
Mountains are of two primary lithologies, namely,
those consisting of manganiferous hematitic rocks and
those with manganiferous siliceous carbonate rocks. In
many respects, these rocks are similar to the sedimen-
tary iron-formations of the ILake Superior region.
They belong to the oxide facies and to the carbonate
facies as described by James (1954). Metamorphism
(described later) has locally modified the two primary
lithologies into magnetite-bearing rocks. All the rocks
in the region have been intensely deformed; the man-
ganese deposits are in highly contorted, faulted folds
with steep to vertical bedding. The lenses or parts of
lenses that form the deposits are enclosed by green and
gray-green slate. Their stratigraphic positions are
partly deductible from the fault relations shown on the
geologic map. (Seepl.2.)

Most of the information concerning the deposits
comes from trenches and diamond-drill holes. The
original trenches of the Manganese Ore Company were
dug by pick and shovel; those of the U.S. Bureau of
Mines were dug by bulldozer and hand-cleaned with
pick and shovel and compressed air prior to sampling
(Eilertsen, 1952, p. 11-12). The ends of the trenches
shown on plate 2 for the most part expose bedrock and
are not coincident with the ends of the bulldozed cuts,
if bedrock was not exposed at these cuts. Inasmuch as
many of the critical faults shown on plate 2 are inferred,
the stratigraphic sequence assumed here is only as cor-
rect as the interpretation of the structure may be.

STRATIGRAPHY

The manganese- and iron-bearing rocks that form the
deposits of Maple and Hovey Mountains are actually a
series of lenses of different sizes which apparently lie
at five different stratigraphic levels within green and
gray-green slate in the upper part of the Hovey forma-
tion. (See explanation, pl. 2.) The order in which
these lenses are described, namely, starting with the
youngest and going to the oldest, is the reverse of the
order normally followed. This organization is neces-
sary, however, because a knowledge of the stratigraphy,
distribution, and structural relations of the youngest
and largest lens is fundamental in establishing the stra-
tigraphic and structural relations of the other lenses.

The bedded manganiferous rocks on Maple and Ho-

vey Mountains have been divided into four groups of
deposits for purposes of description and reference in
this veport. This grouping has been made on the basis
of structural, lithologic, and stratigraphic features com-
mon to the different deposits. The deposits so defined
are the Maple-Hovey deposit, the Central Hovey
deposit, the Southern Hovey deposit, and the small
lenticular deposits. (See index map, pl. 2.)

UPPER SLATE

The slate immediately overlying the main manganif-
erous lens is referred to here for convenience as the
upper slate. No upper stratigraphic limit is set for
this rock and most of the description that follows deals
with no more than 100 feet of slate immediately over-
lying the main manganiferous lens. This slate is
generally grayish green to light green; it is unevenly
interlayered with variably calcareous laminae. Small
caleareous pellets or pods generally alined with the bed-
ding are also common. Pyrite, which is sparse and
sporadically distributed, occurs mostly as slightly dis-
torted cubes as much as one-eighth of an inch in size.
Cubes of pyrite commonly are alined within laminae
and in some places are sufficiently abundant to form
discrete thin layers. Ina very few places, pyrite occurs
as polished films along planes of rock cleavage. These
films may be metacrysis smeared along planes of intense
slippage.

The green and gray-green slate above the main man-
ganiferous lens contains only a fraction of a percent of
manganese.

MAIN MANGANIFEROUS LENS (MAPLE-HOVEY DEPOSIT)

The rocks that constitute the main manganiferous
lens have been subdivided into three units designated
the upper, middle, and lower manganiferous units, in
order of increasing age. The Maple-Hovey deposit
contains the most complete section of this lens. The
units have fairly persistent chemical features and their
stratigraphic boundaries coincide with certain man-
@anese cutoff values. The thickness of each unit varies
along strike in different parts of the deposit, probably,
bacause of thickening and thinning of layers during de-
formation. The chief rock types in the three manganif-
erous units of the main lens in the Maple-Hovey
deposit are gray and gray-green slate, purple and red
slate, red hematitic shale, and banded hematite
ironstone.

The columnar sections of diamond-drill holes 12, 26,
28, 37, 38, 40, 41, and 42 from the Maple-Hovey deposit
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was thickened, thinned, or totally eliminated by
attenuation.

Middle manganiferous wnit—Although composed
dominantly of banded hematite ironstone, the middle
manganiferous unit also contains intercalated layers of
green, purple, and red slate. (See pls. 3 and 44.)
The slate is generally thin laminae within layers of
banded hematite, but in a few places there are beds of
green slate several feet thick. Layers of interbedded
green, purple, and red slate as much as several feet
thick also occur in different parts of the unit, but not
as commonly as those of the green slate alone.

The middle manganiferous unit, like the upper man-
ganiferous unit, also has an average thickness of 57
feet. The contact between the lower and middle man-
ganiferous units is placed where the lithology changes
from banded hematite ironstone to a sequence of regu-
larly interbedded green slate and red hematitic slate.

Lower manganiferous unit.—The lower manganifer-
ous unit consists mostly of regularly interlayered green
slate and hematitic slate. In many places, the slate is
unevenly interlayered, the green slate being thicker
and more abundant than the hematitic slate. Manganif-
erous banded hematitic ironstone is present in some
places in the lower part of the unit. (See pl.3.) Lay-
ers of this rock commonly are 1 to 5 feet thick, but may
be as much as 14 feet thick. They also contain the
rhodonite-bearing veinlets that are typically localized
within this lithology. Layers of green laminated silic-
eous carbonate rock or ironstone also occur in the lower
manganiferous unit. They are interlayered both with
green slate and hematitic slate. The hardness of the
hematitic layers of the lower manganiferous unit is
markedly different from that of typical manganiferous
banded hematite ironstone. They are readily scratched
by a knife blade whereas the banded hematite ironstone
is not. This feature proved useful in locating the con-
tact between the middle and lower manganiferous units,
particularly when logging diamond-drill cores.

The lower manganiferous unit has an average thick-
ness of approximately 33 feet. The base of the lower
manganiferous unit is placed beneath the last hematitic
layer noted in the section.

Siliceous carbonate rock layers—A thin and discon-
tinuous zone from 0 to 23 feet thick, and with variable
manganiferous tenor, of siliceous carbonate rocks, im-
mediately underlies the lower manganiferous unit of
the Maple-Hovey deposit. (See pl. 44.) The siliceous
carbonate rocks are mainly green, well-bedded ironstone
composed of irregularly interlayered carbonate-rich

and chlorite-rich beds and laminae. Locally these rocks
contain conspicuous amounts of pyrite with pronounced
stratiform distribution. (See fig. 29.) This differs
markedly from the generally random distribution of
pyrite metacrysts in the slate enclosing the deposits.
The pyrite in this zone of siliceous carbonate rocks also
forms massive microcrystalline pods or beads, ranging
in size from those barely visible to those one-half an
inch in greatest dimension. In some rocks, widely sep-
arated pyrite cubes are seen along bedding.

MAIN MANGANIFEROUS ZONE IN OUTLYING AREAS

The main manganiferous lens, in addition to crop-
ping out in the Maple-Hovey deposit, also makes up
the Central Hovey deposit. (See pl. 2) For the most
part the three units of the lens in the Maple-Hovey
deposit are also present in the Central Hovey deposit.
The lens bounded by trenches 93 and 99 and designated
by Z' on plate 2 is considerated to be separate from the
main manganiferous lens, but to occupy the same
stratigraphic horizon.

CENTRAL HOVEY DEPOSIT

For purposes of description the four fault blocks
of the Central Hovey deposit are designated by the let-
ters A, B, O, and D. (See pl. 2.) The deposit lies
within a northeastward-trending belt, about 1,500 feet
long and 500 feet wide in maximum dimensions (pl. 2).
It contains the three manganiferous units described
above, and is believed to be a faulted, more highly
metamorphosed outlier of the main manganiferous lens.
The physical and mineralogic differences between the
Maple-Hovey and Central Hovey deposits may be due,
in part, to differences in original sedimentary facies
along strike as well as to modifications imposed by
different degrees of metamorphism. The more
thorough metamorphism that the Central Hovey de-
posit as a whole has undergone as compared to the
more localized metamorphism in the Maple-Hovey de-
posit has impressed marked physical and mineralogic
modifications on its rocks. These modifications also
are present in the Maple-Hovey deposit wherever sim-
ilarly metamorphosed (indicated by hachures on pl. 2).
The purple and red colors of the slate in the upper
manganiferous unit are pale and dull as compared to
the hues of the typical slate of the upper unit in the
Maple-Hovey deposit. Some of the interlayered green
slate, on the other hand, is a deeper green than the
normal slate in the Maple-Hovey deposit. In the mid-
dle manganiferous unit of the Central Hovey deposit
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the red banded hematite ironstone is a black banded
magnetite-bearing ironstone or dull-red ironstone in
which magnetite is disseminated in a hematitic ground-
mass. Laminations and banding in the ironstone, in-
cluding features such as fluxion structure, are faithfully
preserved. The lower manganiferous unit also has
black iron-rich layers and interlayers of deep-green
slate.

Because of the faults and changes of sedimentary
and metamorphic facies, it is not everywhere possible
to differentiate the three units within the Central
Hovey deposit or to correlate them with the equivalent
units in the Maple-Hovey deposit.

Segment A of the Central Hovey deposit is bounded
by a fault at its northeast end and its manganiferous
beds appear to lens out to the southwest at a point be-
tween trenches 61 and 105. (See pl. 2.) It is the only
fault block in which the upper, middle, and lower man-
ganiferous units all crop out. The middle mangani-
ferous unit of segment A thins to the southwest and
lenses out completely southwest of trench 106. A minor
strike-slip fault separates the upper and lower units
where the middle unit lenses out between them. The up-
per and lower manganiferous units also lens out
abruptly to the southwest, somewhere in the interval
between trench 61 and trench 105. The amount of each
unit present in trenches 56 and 61 is not certain.

The rocks in fault block A are believed to occupy
the northwest limb of a syncline; there, the middle
manganiferous unit is lenticular, either because of lens-
ing or because of attenuation during deformation. An
alternate interpretation of the stratigraphy and struc-
ture is possible: the rocks in this fault block could rep-
resent a tight isoclinal southwestward-plunging anti-
cline overturned approximately 25° NW. According
to this interpretation, the rocks of the present lower
unit would form the upper unit. The red and purple
slate cut in diamond-drill hole 46 support this interpre-
tation. Such an interpretation, however, would re-
quire the unlikely assumption that the lower unit has
been completely squeezed out of the core of the anti-
cline at the southwest end of the deposit, as rocks
resembling it were not cut in diamond-drill hole 46.

Fault block B contains the remnant of a southwest-
ward-plunging anticline (pl. 2). Diamond-drill holes
47 and 49 indicate that the bounding fault on the south-
east, which strikes approximately N. 65° E., dips 65°
NW. in the vicinity of trench 54. (See section D-D’,
pl. 2.) It progressively cuts off the manganiferous
rocks in block B at depth towards the north, until the
vertical fault that terminates this deposit on its north-

ern side is reached. The structure contour map (pl.
5) shows the curved nature of the trace of the inter-
section of the northwesterly dipping fault and the top
of the middle manganiferous unit as it may appear
below the surface. In this fault block, only the upper
and middle manganiferous units have been recognized
and were mapped at the surface in trenches 53 and 54.
In trench 53, approximately between 100 and 180 feet
northwest of the southeast end of the trench, the assay
values of 5.56 percent manganese and 17.45 percent
iron (Eilertsen, 1952, fig. 14) more closely resemble the
tenors of the lower manganiferous unit than those of
the upper or middle units. (Compare 4, B, and O of
table 12.) It is possible, therefore, that the lower
manganiferous unit, greatly modified by metamor-
phism, is exposed in the core of this anticline.

Fault block € is the smallest block of the deposit.
It is similar to fault block B in being a remnant of the
nose of a southwestward-plunging anticline. Only the
upper and middle manganiferous units are at the sur-
face in this fold, as ascertained in trenches 51, 52, and
57 (pL 2). The lower manganiferous unit was tran-
sected below the surface by diamond-drill hole 48. The
deposit is cut off abruptly on its northwest side by a
nearly vertical fault, adjacent to block 2D, and is
separated from fault block B to the southeast by a
northwestward-dipping fault.

Segmeut D of the Central Hovey deposit is also com-
pletely bounded by faults. It contains a thick section
of the upper manganiferous unit, which appears to
occupy the northwest part of the nose of a southwest-
ward-plunging syncline. It is assumed that the absence
of the middle and lower manganiferous units in this
limb is believed to be primarily a result of original
lensing. The manganiferous rocks of this segment
are mostly pale-purple and red slate interlayered with
green slate. Small lenses of magnetite-bearing banded
ironstone are also present but are of irregular occur-
rence and could not be correlated between trenches, or
from surface exposures, as in the northwest end of
trench 52, to possible sub-surface extensions, as tran-
sected by diamond-drill hole 48.

The overlying and underlying slates are indistin-
guishable at the southwest end of the Central Hovey
deposit where the manganese deposit lenses out. (See

block 4, pl. 2.)
LENS E BOUNDED BY TRENCHES 93 AND 99

Lens £, at about 30,000 N. and 10,500 E. on plate 2,
occupies the same stratigraphic horizon as the main
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manganiferous lens (see explanation, pl. 2) but ap-
parently does not have the three units of the main lens.
Inasmuch as it consists of an irregularly interlayered
sequence of hematitic shale and red and green slate,
however, its lithology is generally similar to that in the
main lens. A few beds of thin banded hematite iron-
stone are also interspersed in the sequence. Some of
the hematitic rocks contain magnetite which probably
formed during metamorphism. The rocks in lens £
contain less magnetite, however, than the rocks of the
main manganiferous lens in the Central Hovey deposit
or some parts of the Maple-Hovey deposit, such as those
in the syncline at the northwest end of the deposit.

The gray-green and green slate that encloses lens Z'
is megascopically similar on both sides of the lens;
however, the slate is subdivided into an upper and a
lower slate (see pl. 2) in order that the terminology
be consistent with that used in deseribing the main man-
ganiferous lens.

Lens Z is approximately 425 feet long and has a
maximum width of about 50 feet.

LOWER SLATE

The gray-green and green slate underlying the main
manganiferous lens and the small outlying lens £ is
termed the lower slate for purposes of description and
has no set lower limit. It is not as well known as the
upper slate, a considerable thickness of which was
drilled in the vicinity of the Maple-Hovey deposit.
(See pl. 2.) Rather widely spaced drill holes have
penetrated only relatively short distances into the lower
slate; hence, a continuous section is not available at
any one place. The lower slate is megascopically sim-
ilar and generally indistinguishable from the upper
slate.

The lower slate encloses manganiferous lenses at four
different horizons (see explanation, pl. 2), as well as
a limestone breccia about 100 feet below the lowermost
manganiferous lens (see pl. 4C).

SOUTHERN HOVEY LENS (DEPOSIT)

The lens of slate and ironstone that makes up the
Southern Hovey deposit lies about 200 feet stratigraphi-
cally below the horizon of the main manganiferous
lens.

The Southern Hovey deposit is the second largest in
the area. The rocks do not crop out anywhere and
float is sparse. The deposit has been explored by a
series of trenches generally spaced about 200 feet apart,
and by 8 diamond-drill holes.

Although the Southern Hovey lens is stratigraphi-
cally lower than the main manganiferous lens (Maple-
Hovey and Central Hovey deposits) its manganese-
bearing hematitic rocks are lithologically similar to
those of the main manganiferous lens and are also sub-
divided into three units. These are manganiferous
banded hematite ironstone, and both overlying and
underlying interlayered manganiferous hematitic slate
and green slate. The slates above and below the banded
hematite ironstone are here called, respectively, the
hanging-wall and footwall manganiferous slates. The
general stratigraphic sequence in the Southern Hovey
lens and its enclosing slate are summarized in plate 43,
which is a columnar section of the deposit as cut by
diamond-drill hole 51.

The rocks of the Southern Hovey deposit appear to
be lenticular, with varying thicknesses along strike,
and probably downdip. The diamond-drill holes along
the northwest side of the deposit provide that best
evidence for the order of magnitude of strikewise vari-
ations in these thicknesses. The three units of the
deposit have a combined average thickness of about 45
feet and a range of 26 to 64 feet in thickness along the
northwest side of the deposit. (See table 6.) The
hanging-wall slate averages about 13 feet in thickness,
the footwall slate about 8 feet, and the banded hematite
ironstone between the hanging-wall and footwall slates
averages about 24 feet in thickness. Considerable local
variations in thickness are characteristic of all these
units.

TABLE 6.—Calculated thicknesses, in feet, of the manganifer-
ous units in the Southern Hovey deposit

[Data from selected U.S. Bureau of Mines diamond-drill holes]

Thickness of manganiferous units in
diamond-drill holes— Arithmetic
average
60 51 50 55 56
Hanging-wall manganifer~
ous hematitic slate________ 6 8 20 13 19 13
Manganiferous banded
hematite. . ________.___.__ 45 29 33 7 4 24
Footwall manganiferous
hematiticslate.._.__._____ 13 5 10 6 4 8
Total thickness of the
deposit . ._._._____ 64 42 63 26 27 45

Hanging-wall and footwall manganiferous units—
The hanging-wall and footwall slates of the Southern
Hovey deposit generally resemble the upper and the
lower manganiferous units, respectively, of the Maple-
Hovey deposit. However, the units containing man-
ganiferous banded hematitic ironstone in the two de-
posits are less similar in their physical resemblance.
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The hanging-wall slate in the Southern Hovey de-
posit is composed mostly of red and purple slate of
various shades interlayered with gray-green slate. A
bed of volcanic ash one-half of an inch thick was cut
by diamond-drill hole 51 in the lower part of the hang-
ing-wall slate, and is very similar mineralogically to
the volcanic rock in the upper manganiferous unit of
the Maple-Hovey deposit described earlier. Similar
beds of volcanic ash are also present in the gray-green
slate stratigraphically overlying the hanging-wall slate
(diamond-drill hole 61), and in the banded hematite
ironstone within the deposit (trenches 71 and 74). The
apparent sporadic distribution of these ash beds in and
near the deposits of Maple and Hovey Mountains pre-
cludes their use as marker beds.

Manganiferous banded hematite ironstone sequence.—
The manganiferous banded hematite ironstone se-
quence of the Southern Hovey deposit has a superficial
physical resemblance to the middle manganiferous unit
of the Maple-Hovey deposit. The ironstone-bearing
units of these two deposits are similar in their light-to-
dark red color, their high specific gravity, and their
banding. The ironstone of the Southern Hovey de-
posit, however, is less brittle than that within the
Maple-Hovey deposit and it has shaly partings; it also
lacks a pronounced blocky fracture. In addition, it
has a lower effective hardness and is more readily
scratched by a knife. The banding of the ironstone in
the Southern Hovey deposit is less pronounced than
that of the other hematitic manganese-bearing rocks of
the area. Nonetheless, this banding and the presence
of light-colored layers in these rocks differentiates them
from hematitic shale. Green slate beds are also con-
tained in the manganiferous banded hematite ironstone
sequence of the Southern Hovey deposit. A thin zone
containing pyrite-bearing manganiferous siliceous car-
bonate ironstone layers is present immediately below
the manganiferous hematitic rocks, in similar manner
to the layers of siliceous carbonate rock underlying the
Maple-Hovey deposit (pl. 4B). The manganese con-
tent of these rocks, in both deposits, decreases gradually
with increasing stratigraphic depth until the tenor of
less than 1 percent manganese, typical of the country
rock slate near the deposits, is attained.

OUTLYING LENSES (DEPOSITS)

One small lens of the manganiferous hematitic var-
iety and several lenses of magnetite-bearing siliceous
carbonate rock are also interbedded in the lower slate.
Most of these lenses are clustered in two areas on Hovey
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Mountain; one group is northwest of the Central Hovey
deposit and the other group is at the southeast end of
the Southern Hovey deposit. (See pl. 2.) Also, a
deposit interpreted as a lens separate from the Maple-
Hovey deposit was penetrated in diamond-drill holes
34 and 44 on the northwest side of Maple Mountain
(See pl. 2.)

These small lenses are subdivided and described on
the basis of their lithology and structural setting. Al-
most, all of them were detected directly by magnetic
surveying, or indirectly and fortuitously in the course
of bulldozing while exploring other deposits in their
immediate vicinity. )

All of these lenses are enclosed by the lower slate as
is the Southern Hovey lens. This slate is green to
gray-green and megascopically similar to the slate en-
closing the stratigraphically higher and larger, main
hematitic lens of the area. The slate tends to change
in aspect, however, in the vicinity of the manganiferous
siliceous carbonate lenses ¢ and H exposed in trenches
63, 64, and 65 and on Hovey Mountain, as will be de-
scribed below.

HEMATITIC LENS F

The manganese-bearing hematitic lens designated by
the letter /' and centered approximately at the coordi-
nates 82,500 N. and 11,500 E. on plate 2 is believed to
occupy a separate horizon, below that of the Southern
Hovey lens. (See explanation, pl. 2.) Although this
horizon probably is some several hundred feet below
that of the Southern Hovey lens, the exact amount of
stratigraphic separation of these two horizons is uncer-
tain because of faults. The stratigraphic succession
between these two lenses described above and shown
on plate 2 is favored because it requires fewer assump-
tions than alternate interpretations do. However, the
possibility cannot be ruled out that the Southern Hovey
lens and lens 7 are actually at the same stratigraphic
horizon.

Lens F consists of thin manganiferous hematitic slate,
green slate, and siliceous carbonate layers and laminae.
In trench 104, a bed of volcanic ash one-quarter of an
inch thick is present in the green slate overlying the
lens 75 feet southeast of the upper contact of the man-
ganiferous rocks. Lithologically, this lens is similar
to the lower manganiferous unit of the Maple-Hovey
deposit. The hematitic rocks at the northeast end of
this lens, as seen in trench 62, contain magnetite.
Magnetite was not observed, however, in other expo-
sures of this lens, as in trenches 104, 69, and 121.
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SILICEOUS CARBONATE LENSES

It appears that several other small lenses of siliceous
carbonate in the area occur at two separate horizons
below the Southern Hovey lens and lens #. This is
mostly deduced from the relations as mapped on the
northwest side of Hovey Mountain. Here, two siliceous
carbonate lenses in trench 63, designated by the letters
G and H on plate 2, apparently lie below the hematitic
lens . (See explanation, pl. 2.) The stratigraphic
separation between lenses # and ¢ is on the order of
180 feet.

The two lenses ¢ and H, were discovered by a ground
magnetic survey. A magnetic anomaly, north of the
area trenched in lenses ¢ and H (see pl. 2), was not
further explored, but its size and shape suggest it may
represent another distinct lens or possibly a faulted
northwestward extension of lens ¢ or /.

The gray-green slate that overlies lenses G and H is
generally similar to the lower slate described above,
except that sparse pyrrhotite forms films on cleavage
planes in some of this slate.

Lenses ¢ and H, as seen in trenches and drill core,
are lithologically very similar; both are composed of
irregularly interlayered green chloritic slate and banded
siliceous carbonate rock. The stratigraphically lower
lens H, contains more layers of siliceous carbonate than
the upper lens .  Plate 4C is a generalized columnar
section of these lenses.

Siliceous carbonate is the most manganiferous rock
in lenses ¢ and H. It is heavy, dark green, has a blocky
fracture, and a pronounced banded structure. Com-
monly the individual bands are finely laminated. The
banding tends to be wavy, and to resemble fluxion struc-
ture in some rocks. Small microfaults commonly offset
laminae from 1 inch to microscopic distances. Small
gray to gray-white pods, many with a dull purple cast,
are common and are generally elongated subparallel
with the laminations which typically bend around the
pods. In a few places, the laminations pass through
the pods without deflection. Magnetite commonly is
abundant in the siliceous carbonate rocks.

The intercalated slate of the manganiferous lenses is
green to dark green, and in places has color banding
corresponding with bedding. The slate forms both
laminations or partings between the layers of siliceous
carbonate and beds several feet thick. The maximum
thicknesses of lenses @ and H are about 60 and 70 feet,
respectively; the intervening slate is about 110 feet
thick, If fault offsets are taken into account, the re-

spective lengths of the lenses are probably on the order
of 700 and 650 feet each.

The other lenses of siliceous carbonate in the area
are believed to be at the horizon either of lens ¢ or H
or both. The suggested correlation favored in this re-
port, between lenses ¢ and A and the other lens of
siliceous carbonate rocks on the northwest side of Hovey
Mountain, is indicated by the inferred fold pattern
shown on plate 2. Although the lenses of siliceous
carbonate rocks on the southeast end of Hovey Mountain
(see pl. 2) are believed to lie at the same two strati-
graphic horizons, the relation of these lenses to one an-
other is not clear.

The lithology of these small lenses of magnetite-bear-
ing siliceous carbonate is generally comparable to that
of lenses ¢ and H with only minor differences of no
apparent stratigraphic significance.

LIMESTONE BRECCIA

The gray-green slate cored by diamond-drill hole 52
is stratigraphically below the oldest manganiferous lens
(H) and contains a few zones with elongate and round
gray calcareous structures resembling stretched lime-
stone pebbles. Parts of this slate have a banded ap-
pearance caused by the alternation of thin layers of
light-green slate with dark-green to nearly black slate.
A gray-blue limestone breccia, about 5 feet thick, was
cut by the drill approximately 80 feet below the base
of lens ZZ. (See pl. 40.) Some of the fragments of
breccia contain a few deformed crinoid columnals. For
at least 75 feet below the limestone breccia, the slate is
gray blue and calcareous, and contains sporadically dis-
tributed pyrite.

AGE AND CORRELATION OF THE AROOSTOOK
MANGANESE BEDS

A pyritized fragment of a branch of a graptolite was
collected by the writer from about the middle portion of
the lower manganiferous unit of the Maple-Hovey de-
posit. This fossil was originally studied by the late
Josiah Bridge of the U.S. Geological Survey, who re-
ported (written communication, 1950) that, although
“#* * * the identification of the specimen cannot be
definite as several important parts that are needed for a
positive determination are not preserved * * * it
agreed very closely with Didymograptus sagitticaulus, a
form which is characteristic of the lower Middle Or-
dovician Normanskill shale (Black River) of New York
and its equivalents elsewhere.

On the basis of this identification, the deposits of
Maple and Hovey Mountains were tentatively assigned
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to the Ordovician(?) (Pavlides, 1952, p. 6). This
graptolite was subsequently examined by several
specialists and is now considered to be a Silurian rather
than an Ordovician form. (See DDH 31, table 4.)

The only other fossils found near the deposits of
Maple and Hovey Mountains are in the limestone brec-
cia cut by diamond-drill hole 52 on Hovey Mountain.
Some of the fragments of limestone breccia contain a
few nondiagnostic pelmatazoan fragments which indi-
cate a probable post-Early Ordovician age. Similar
fragmentary fossils collected from elsewhere in the area
(see table 4) probably are no older than post-Early
Ordovician.

The age relations of many of the manganese deposits
of the northern and southern manganese districts are,
for the most part, uncertain. The northern manganese
district, however, has been mapped in more detail
(White, 1943, pl. 24) than the southern district (Miller,
1947, pl. 2), and more diagnostic fossils have been found
in the northern district than elsewhere in the Aroostook
manganese belt. The deposits of the northern manga-
nese district are confined to the lower slate member of
the Aroostook limestone and to the overlying shale and
slate unit (the Ashland formation of former usage).
Both the shale and slate unit and the Aroostook are
assigned a Middle Silurian age by White. (See table
1.) The shale and slate unit is reliably dated as
Silurian. At the Dudley manganese deposit, in Castle-
ton Township, about 1.5 miles west of the town of
Mapleton, a fossiliferous limestone breccia of the shale
and slate unit is intercalated with slate and limestone
that appear to overlie the Dudley deposit conformably
(White, 1943, pl. 25). The faunule from this lime-
stone breccia or conglomerate (Miller, 1947, p. 12) was
studied by Twenhofel (1941, p. 172) who concluded
that the Ashland (shale and slate unit of White, 1943)
is of “very high Clinton or low Niagara,” or Middle
Silurian age.

The age of the manganese deposits that occur in what
was assigned as the lower slate member of the Aroostook
limestone by White (see table 1, and White, 1943, pl.
24) is less certain. In an earlier part of this report it
was shown that the middle member of the Aroostook
limestone as defined by White is of Middle Ordovician
and not of Middle Silurian age. Such an age assign-
ment necessitates inverting the stratigraphic order of
some of White’s units so as to fit the regional structure
(White, 1943, pl. 24). Therefore the slate that con-
tains the manganiferous lenses and which was thought
by White to underlie the ribbon limestone that com-

prised the middle member of the Aroostook, actually
overlies the ribbon limestone unit. It can be concluded
therefore that this slate and its associated manganese
deposits (which has been mapped as in conformable
contact with the ribbon limestone unit) is of younger
Ordovician age than the ribbon limestone unit and may
even be of Silurian age. If it is of Silurian age it may
correlate with the slate and shale unit of Silurian age
that contains manganese deposits (such as the Dudley
deposit) elsewhere in the district. This latter inter-
pretation was used by Boucot and others (1960) in a
recent compilation of the geology of northern Maine.

The age of many of the manganese deposits of the
southern manganese district in Aroostook County,
Maine, is uncertain. A reconnaissance geologic map
of the southern manganese district was made by Miller
(1947, pl. 4), but owing to the complexity of the geology
only broad generalized stratigraphic subdivisions were
made. He mapped the Ordovician and Silurian slates
as an undifferentiated unit because of the difficulty of
separating these rocks where fossils are lacking.

Both Silurian and Ordovician graptolites have been
collected from rocks located close to manganiferous
layers at Westford Hill (White, 1943, pl. 28). The
rocks at Westford Hill are highly folded and faulted
(White, 1943, pl. 28), but the Silurian graptolites there
appear to be related definitely to the manganiferous
unit and hence establish the age of the deposits at West-
ford Hill as Silurian.

The age of the Littleton Ridge deposit, approxi-
mately 5.3 miles northeast of Houlton, however, is of
Early Devonian, New Scotland age. The writer found
fossils at several localities on the southwest side of
the deposit in buff-weathering calcareous slate with
which the manganiferous rock appears to be conform-
ably intercalated. Several large collections of material
from one of these localities were prepared and studied
by A. J. Boucot, of the U.S. Geological Survey (1960).
The fauna obtained is as follows:

Coelospira? sp.

Eospirifer cf. E. macropleura
Unidentified rhynchonellid
Levenea? sp.

pelmatozoan columnals
Leptaena “rhomboidalis”
Kozlowskiellina cf. K. perlamellosus
Platyostoma? sp.
Orthoceroid

Tetracoral

Rhipidomellid

Schizophorid

Atrypa “reticularis”
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The information concerning the relative age of the
Aroostook manganese belt can be summarized as fol-
lows: (a) In the northern manganese district, the
hematitic Dudley deposit, enclosed within the slates of
the shale and slate unit of White, 1943 (Ashland forma-
tion of former usage) is of Silurian age, whereas the
two manganiferous horizons of the lower member of
what White considered to be the Aroostook limestone
may be Middle Ordovician or younger; (b) the deposits
of Maple and Hovey Mountains are probably of Silu-
rian age and most likely Early Silurian rather than
Late Silurian; (¢) the manganese deposits of the
southern manganese district may be of two or more ages.
The Littleton Ridge deposit is Early Devonian and the
deposits south of Houlton are of post-Early Ordovi-
cian age and those on Westford Hill are Silurian.

STRUCTURE OF THE DEPOSITS

The deposits of Maple and Hovey Mountains are
highly deformed and only exceptionally good natural
exposures would normally have enabled the structure to
be mapped in detail. Such exposures are sparse and
poor—a few at or near the crests of both Maple and
Hovey Mountains—as the area is covered by a mantle
of glacial till and is heavily wooded. The extensive
trenching and diamond drilling by the U.S. Bureau of
Mines provided many artificial exposures and subsur-
face cross sections from which the structure of the
deposits was worked out.

Large folds are readily recognized by stratigraphic
relation. In some places folds can be recognized by
the attitudes of the bedding and its relation to axial
plane cleavage. Faults, however, are more difficult to
recognize and direct evidence for locating them closely,
such as zones of brecciation and gouge, is sparse. Most
of the faults were mapped by indirect evidence such as
omission or repetition of beds, or anomalous attitudes
caused by drag near faults.

Detailed geologic mapping of the deposits (1 inch
equals 40 feet), supplemented by a vertical ground mag-
netometer survey, and by diamond-drill data supplied
considerable information useful in understanding the
structural and deformational history of the deposits
and of the area in general.

FOLDS

The manganiferous lenses on Maple and Hovey
Mountains (see explanation, pl. 2) occur in several large
northeastward-trending folds or parts of folds. These
lenses may outline such major folds in considerable
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detail as does the main manganiferous lens in the Maple-
Hovey deposit (pl 2), where the main lens is con-
tained in a large doubly plunging syncline extending
between Maple and Hovey Mountains. Different parts
of the Maple-Hovey deposit have previously been desig-
nated as the Hovey Mountain prospects, the Lower Ma-
ple Mountain prospect, and the Upper Maple Mountain
deposit. Miller (1947, p. 61-66) suggested that the
deposits on Maple Mountain, at least, were continuous.

A large fold, such as the one which contains the Ma-
ple-Hovey deposit, is considered to be a first-order fold,
comparable in size to the major folds of the area. The
Southern Hovey lens (deposit) probably is on the limb
of another first-order fold. Subsidiary northeastward-
trending folds are also present along the limbs and ends
of such first-order folds. The larger of these subsidi-
ary folds are classed as second-order folds, and are de-
fined more specifically as anticlinal or synclinal. The
northeast end of the Maple-Hovey deposit on Maple
Mountain contains several such second-order folds.
Such folds are synclines I, ITI, and V, and the inter-
vening anticlines IT and IV. (See pl. 2.) Some of
these second-order folds, such as syncline IIT on Maple
Mountain, in turn contain subsidiary folds, here called
third-order folds. These third-order folds appear as
circled numerals (O through @ on plate 2. Second-
order syncline III, for example, has three third-order
synclines separated by two third-order anticlines.
They are designated by circled numerals @) to &. (See
pl. 2.) The end of the deposit on Hovey Mountain is
considered to be a part of second-order fold VI, which
contains third-order folds @, @, and @.

In addition to first-, second-, and third-order folds,
there are also smaller northeastward-trending folds,
shown on the geologic map (pl. 2) as minor anticlines
and synclines. In general, these folds have a “wave-
length” of 1 to 3 feet and are classed as fourth-order
folds. The distribution of the fourth-order folds in the
deposits of the area is directly related to the degree of
recrystallization (described later in the section on meta-
morphism) the rocks in different parts of the deposits
have undergone. Thus, the fourth-order folds are in
the more highly metamorphosed parts of the deposits
such as in trench 23 of second-order syncline I on Maple
Mountain, in trench 57 of block C in the Central Hovey
deposit, and in trenches 84 and 112 in the syncline at the
southeast end of the Southern Hovey deposit (see pl. 2).

The lineations (symbols shown in pl. 2) in the man-
ganiferous rocks of second-order syncline V on Maple
Mountain (trenches 4 and 9) are the fold axes of fifth-
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order folds. Fifth-order folds, shown in plate 2 as
lineation, characteristically are the fold axes of corruga-
tions with a “wavelength” on the order of a few inches
toa fraction of an inch.

Besides the major and minor northwestward-trend-
ing folds, there are also subsidiary third order folds
whose axes lie at a fairly large angle to the axes of the
northeastward-trending folds. Such folds are classed
as cross folds. Two subsidiary cross folds ® and @,
are on the northwest limb of second-order syncline V
on Maple Mountain. (Seepl.2.)

The folds on Maple and Hovey Mountains are mainly
flexure folds. The relative competence of the different
rock units of the deposits during deformation can gen-
erally be evaluated by their thicknesses in different
parts of the folds. These differences in thickness have
been measured in trenches and in drill holes. The
cross sections cut by the drill holes have been published
elsewhere by the writer (én Eilertsen, 1952, figs. 16-28)
and only a selected few have been included in this re-
port. (See pl.2.)

The upper manganiferous unit in the Maple-Hovey
deposit, which contains mostly slate, has undergone the
most flowage towards the axial region of folds. The
thickening that this unit has undergone, however, is
relatively little. The upper manganiferous unit in
second-order syncline V on Maple Mountain has not
been thickened as much as the map pattern (pl. 2) sug-
gests. Much of the apparent thickness of the unit here
is due to repetition of beds as a result of the shallow
double plunge of the second-order syncline (which has
an inlier of upper slate along its axial region), as well
as to the bulging effect induced by the cross folds along
the northwest limb of the syncline. The upper man-
ganiferous unit is about 100 feet thick on the nose of
second-order anticline I1, approximately along the axis
of which diamond-drill holes 27 and 29 were drilled.
This is somewhat less than twice the average arithmetic
thickness of 57 feet assigned to this unit.

The middle manganiferous unit of the Maple-Hovey
deposit, composed chiefly of banded hematite ironstone,
has generally folded without appreciable thickening at
the crests and troughs of folds, suggesting that it was
competent during deformation. Wherever present
minor changes in thickness due to folding in the middle
manganiferous unit are mostly characteristic of the sec-
ond-order folds that do not have third-order folds.
Thus second-order syncline V on Maple Mountain has a
rather uniform thickness along the southeast limb,
around the nose, and in part, along the northwest limb

except for the carinate cross fold @ (in fold @ the
rocks may not actually have been thickened but only
appear so through being repeated by doming). In
second-order syncline ITI, which is corrugated by five
third-order folds (see pl. 2), the middle manganifer-
ous unit is normally thinner on the limbs of the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>